Recent evidence suggests that low-grade urinary albumin excretion is a marker of early general attenuation of vascular function, but studies are limited to Caucasian population groups. We compared low-grade urinary albumin excretion (o3.5 mg mmol À1 or 30 lg mg À1 ) between non-diabetic African (aged, 41.7 years; n¼70) and Caucasian (aged, 44.6 years; n¼91) men and ethnic-specific associations thereof with arterial stiffness and ambulatory blood pressure. The albumin-to-creatinine ratio (ACR) was determined from an 8 h overnight urine collection. We recorded ambulatory blood pressure over 24 h during a typical workday and the carotid-dorsalis pedis pulse wave velocity measured the next morning after a controlled overnight stay. ACR was higher in Africans compared with Caucasians (Po0.001), also after adjusting for 24 h systolic blood pressure, diastolic blood pressure and hypertension prevalence (Po0.001) or when grouped by similar 24 h mean arterial pressures (Po0.01 for all categories). Daytime (P¼0.002) and night time (Po 0.001) systolic and daytime (Po0.001) and night time (Po0.001) diastolic blood pressures were higher in Africans compared with Caucasians, but no differences existed for daytime and night time pulse pressure and pulse wave velocity. In African men only, after adjustment for covariates, night time systolic blood pressure (b¼0.347; P¼0.003), diastolic blood pressure (b¼0.298; P¼0.010) and mean arterial pressure (b¼0.331; P¼0.004) correlated positively with ACR. In addition, daytime (b¼0.265; P¼0.032) and night time (b¼0.258; P¼0.038) pulse pressure as well as pulse wave velocity (b¼0.271; P¼0.032) correlated positively with ACR. In conclusion, arterial stiffness and ambulatory blood pressure are already associated with low-grade albuminuria in non-diabetic African men with normal kidney function.
INTRODUCTION
The average life expectancy for people living in sub-Saharan Africa is 46 years compared with that of 78 years for the United States and 80 years for the United Kingdom. 1 The current prominence of HIV infection and other infectious diseases such as tuberculosis and malaria in Africans contribute most significantly to this disturbing statistic. 2, 3 However, predictions are made that cardiovascular disease will soon eclipse infectious diseases as the leading cause of death and disability in sub-Saharan Africa. 4, 5 Indeed, high rates of hypertension 6 and peripheral arterial disease 7 observed in Africans behave in an explosive and debilitating manner, with death occurring frequently from stroke, 8 renal failure 9 or congestive heart failure. 10 To combat this trend, the early identification of high-risk subjects with subtle abnormalities in vascular function is important to curb the progression to cardiovascular disease through preventative treatment strategies.
Microalbuminuria, defined as an albumin-to-creatinine ratio (ACR) above 3.5-30 mg mmol À1 (or 30p300 mg mg À1 ), 11 is an established risk factor for cardiovascular morbidity and mortality and for end-stage renal disease, especially in individuals with hypertension and diabetes mellitus. [12] [13] [14] It is regarded not only as a marker of glomerular endothelial damage, but also reflects general endothelial damage [15] [16] [17] [18] and related arterial stiffness. 19 There is a growing body of evidence showing that low-grade albuminuria, well below 3.5 mg mmol À1 , is associated with blood pressure increase, 20, 21 endothelial dysfunction, 22, 23 arterial stiffness 24 and the development of cardiovascular disease 25 in healthy non-diabetic individuals without chronic kidney disease. Unfortunately, the above evidence is predominantly from Caucasian population groups. If it holds true for non-diabetic sub-Saharan Africans with normal kidney function, then low-grade albuminuria could perhaps be used as a low-cost marker of subtle vascular/endothelial damage and therefore initiate early treatment to help curb the increasing trend of cardiovascularrelated morbidity and mortality in this population group.
The aims of this study were first to compare albumin excretion between non-diabetic African and Caucasian men with normal kidney function and second to investigate ethnic-specific associations between arterial stiffness, ambulatory blood pressure and low-grade albuminuria.
METHODS

Study population
This study is embedded in the SABPA (Sympathetic Activity and Ambulatory Blood Pressure in Africans) study conducted in 2008 and 2009. We recruited 202 urbanized African (n¼101) and Caucasian (n¼101) male educators working in the Dr Kenneth Kaunda district in the North West Province, South Africa. The reason for this selection was to obtain a homogeneous sample from a similar socio-economic class. We invited all eligible participants between the ages of 25 and 65 years to participate. Exclusion criteria were an elevated ear temperature, psychotropic substance dependence or abuse, regular blood donors and individuals vaccinated in the past 3 months. We excluded 31 African men (ACR 43.5 mg mmol À1 , 11 n¼10; impaired fasting glucose, 47 mmol l À1 , 26 n¼10; HIV infected, n¼11) and 10 Caucasian men (ACR 43.5 mg mmol À1 , n¼1; impaired fasting glucose, 47 mmol l À1 , n¼9; HIV infected, n¼0).
Participants were fully informed about the objectives and procedures of the study before their inclusion. Assistance was available for any participant who requested conveyance of information in their home language. All participants signed an informed consent form. The study complied with all applicable requirements of international regulations, in particular the Declaration of Helsinki of 1975 (as revised in 2004) for investigation of human participants. The Ethics Review Board of the North-West University (Potchefstroom Campus) approved the study.
Cardiovascular measurements
We conducted 24 h ambulatory blood pressure measurements (ABPM) during workdays. At approximately 0800 hours, an ABPM apparatus (Meditech CE120 Cardiotens; Meditech, Budapest, Hungary) was attached to the participants' nondominant arm at their workplace. The ABPM apparatus was programmed to measure blood pressure at 30-min intervals during the day (0800-2200 hours) and every hour during night time (2200-0600 hours). Participants continued with their normal daily activities and recorded any abnormalities such as headache, nausea and stress on their ambulatory diary cards.
Participants were admitted at 1630 hours to the Metabolic Unit Research Facility of the North-West University. This facility consists of 10 bedrooms, two bathrooms, a living room and kitchen. They received a standardized dinner and had their last beverages (tea/coffee) and two biscuits at 2030 hours. Thereafter, they relaxed by reading, watching television, or social interaction and refrained from consuming alcohol, caffeine, smoking and doing exercise. They were requested to go to bed at around 2200 hours. At 0600 hours, the ABPM apparatus was removed and subsequent measurements commenced. We downloaded the 24 h blood pressure and electrocardiogram data onto a database using the CardioVisions 1.9.0 Personal Edition (Meditech). The successful inflation rate over the 24 h period was 74.9 ± 9.3% for the Africans and 84.3±9.3% for the Caucasians. Hypertension was defined as a mean 24 h systolic blood pressure of at least 130 mm Hg or diastolic blood pressure of at least 80 mm Hg. 27 Pulse pressure was the difference between 24 h systolic and diastolic blood pressure and was used as an indirect measure of aortic stiffness. 28 In addition to ambulatory blood pressure, and after at least 5 min rest, duplicate blood pressure readings were taken 5 min apart by making use of a single-headed stethoscope and a table model mercury sphygmomanometer.
Pulse wave velocity was determined non-invasively from an arterial segment that includes both elastic and muscular arteries by measuring the superficial pulses at the carotid and dorsalis pedis arteries using the Complior SP device (Artech-Medical, Pantin, France). All measurements were taken by the same two observers for all participants. The pulse wave velocity was measured on the left side of each participant while lying in the supine position.
Anthropometric and physical activity measurements
Height (stature) and weight of participants in their underwear were measured using calibrated instruments (Precision Health Scale, A & D Company, Tokyo, Japan; Invicta Stadiometer, IP 1465, UK). Measurements were taken in triplicate using standard methods. 29 To assess physical activity, participants wore Actical accelerometers (Montréal, Québec, Canada) around their hip during a normal working day. The Actical is an omnidirectional accelerometer (that is, is sensitive to movements in all planes), and has been validated during treadmill walking, running and lifestyle activities performed in a laboratory. 30 
Biochemical measurements
After completion of the anthropometric measurements, a registered nurse obtained a blood sample with a sterile winged infusion set from the antebrachial vein branches. Urine was collected overnight for a period of 8 h. Serum and urine were stored at À80 1C.
In serum, fasting samples for total cholesterol, HDL cholesterol, highsensitivity C-reactive protein and creatinine were analyzed using the sequential multiple analyzer computer (Konelab 20i TM, Thermo Scientific, Vantaa, Finland). Glucose was determined using a timed end point method (Unicel DXC 800; Beckman and Coulter, Krefeld, Germany).
In urine, creatinine was determined with a calorimetric method and albumin with the measurement of immunoprecipitation enhanced by polyethylene glycol at 450 nm with sequential multiple analyzer computer (Konelab 20i TM, Thermo Scientific, Vantaa, Finland) with a coefficient of variation of 1.7-3.3%. ACR measured in spot urine samples or over 8 h is highly correlated with 24 h urine albumin excretion. [31] [32] [33] We calculated the estimated creatinine clearance by using the Cockcroft-Gault formula. 34 All biochemical measurements were performed by an independent laboratory, blinded to the subjects' cardiovascular profile.
Statistical analyses
For database management and statistical analyses, we used SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA). The distribution of urinary creatinine, urinary albumin, ACR, high-sensitivity C-reactive protein, serum glucose and physical activity were normalized by logarithmic transformation. The central tendency and spread of these variables were represented by the geometric mean and the 5th and 95th percentile intervals. We compared means and proportions by a standard t-test and the w 2 test, respectively. Mean values of ambulatory blood pressure, pulse pressure and pulse wave velocity were plotted by quartiles of ACR to ensure that linear correlation techniques were appropriate. We investigated associations between these cardiovascular variables and ACR using single and multiple linear regressions. Covariates entered in the model were age, body mass index, serum glucose, C-reactive protein, physical activity, current smoking, current drinking and use of antihypertensive medication. All P-values refer to two-sided hypotheses. Table 1 lists the African and Caucasian men's characteristics. The Africans (n¼70) tended to be younger (P¼0.059) with lower serum glucose (Po0.001) and total cholesterol (Po0.001) levels compared with the Caucasians (n¼91). On the other hand, the Africans smoked more (P¼0.040), were physically less active (Po0.001) and had higher C-reactive protein levels (P¼0.026). The ACR (Po0.001), daytime systolic (P¼0.002), diastolic (Po0.001) and mean arterial pressure (Po0.001), as well as the night time systolic (Po0.001), diastolic (Po0.001) and mean arterial pressure (Po0.001) were higher in African compared with Caucasian men.
RESULTS
Characteristics of participants
Seventy percent of the Africans and 52% of the Caucasians were hypertensive (P¼0.027).
Owing to the higher blood pressure and hypertension prevalence in the Africans, we adjusted for 24 h systolic and diastolic blood pressure and hypertension prevalence to see if urinary albumin excretion would still be higher in the African group. By doing so, the ACR did indeed remain higher in the Africans (0.77 vs. 0.23 mg mmol À1 , Po0.001). In addition, we stratified the groups by 24 h mean arterial pressure and adjusted for age and body mass index to compare ACR between the ethnic groups at similar blood pressures (Figure 1 ). Again, ACR was higher (Po0.01) in Africans at each category of 24 h mean arterial pressure, confirming that this ethnic difference is independent of blood pressure. Lastly, kidney function was well within normal limits in the Africans (that is, serum creatinine, 77.2±13.9 mmol l À1 ; estimated creatinine clearance, 127.7±34.1 ml min À1 ; and ACR, 0.79 (0.33-2.06 mg mmol À1 ). Unfortunately, these measures of kidney function were unavailable for the Caucasians.
Unadjusted analysis
In African men only (Table 2) , we noticed significant positive associations of night time systolic blood pressure and mean arterial pressure with ACR, whereas night time diastolic blood pressure and pulse pressure, as well as pulse wave velocity tended to increase with increasing albumin excretion. No associations were obtained between daytime blood pressure and ACR.
Adjusted analysis
In exploratory analyses (Table 3) , we investigated the cardiovascular variables of the African men across quartiles of ACR, while adjusting for age and body mass index. Again, night time systolic blood pressure (P for trend, 0.025) and mean arterial pressure (P for trend, 0.045) increased significantly, whereas night time diastolic blood pressure (P for difference between the lowest and highest quartile, 0.022) and pulse pressure (P for difference between the lowest and highest quartile, 0.067) tended to increase with increasing ACR. Of note is that daytime pulse pressure also tended to increase with increasing ACR (P for difference between the lowest and highest quartile, 0.083)
The independent associations between the cardiovascular variables and ACR in African and Caucasian men are shown in Table 4 . With adjustments applied for covariates (age, body mass index, serum glucose, high-sensitivity C-reactive protein, physical activity, current smoking, current drinking and use of antihypertensive medication), the above associations were not only confirmed, but the borderline significant associations became significant. In African men, night time systolic blood pressure (P¼0.003), diastolic blood pressure (P¼0.010), mean arterial pressure (P¼0.004) and pulse pressure (P¼0.038) correlated positively with ACR, whereas the associations of daytime pulse pressure (P¼0.032) and pulse wave velocity (P¼0.032) with ACR became significant. All the associations obtained above were absent in Caucasian men.
Sensitivity analysis
As indicated previously, kidney function was within normal limits in the African group. However, to ensure that the associations obtained were truly independent of renal function, we additionally adjusted for estimated creatinine clearance. 
DISCUSSION
This study investigated low-grade albumin excretion in normoglycemic African and Caucasian men with normal kidney function and its possible role as marker of general vascular dysfunction. Although blood pressure was higher in African men, albumin excretion was higher in the Africans independent of blood pressure. In addition, measures of arterial stiffness and night time blood pressure were independently associated with urinary albumin excretion in African men, but not in Caucasian men. These associations were also independent of kidney function. Our findings support previous prospective studies that included only Caucasian population groups. These studies showed that microalbuminuria (43.5 mg mmol À1 ) and macroalbuminuria (430 mg mmol À1 ) were associated with a higher risk of cardiovascular disease incidence and mortality in patients with hypertension 12, 35 or diabetes. 36 Recently, Ä rnlöv et al. 25 reported that even low-grade urinary albumin excretion (mean ACR 1.21 mg mmol À1 ) is associated with increased risk of cardiovascular disease and mortality in non-hypertensive, non-diabetic individuals and individuals with a low to intermediate pre-test probability of vascular events. They therefore supported the hypothesis that low-grade albuminuria in apparently healthy individuals may also be a marker of extra-renal subclinical vascular damage or dysfunction that predisposes to future cardiovascular disease and death. 25 This is also supported by our associations obtained in African men with a mean ACR of 0.79 mg mmol À1 , well below the diagnostic threshold for microalbuminuria. 11 However, the presence of albumin in the urine as a marker of vascular damage could also merely be confined to glomerular endothelial damage due to exposure to chronically elevated blood pressure, 37, 38 and therefore serve as an explanation for the associations obtained between night time blood pressure and low-grade albuminuria in our study. This is especially true for salt-sensitive individuals, such as Africans, 39 and individuals with diabetic nephropathy, 40 where elevated blood pressure is required to excrete a sodium load, especially during the night and therefore believed to contribute to nondipping. 41 Over time, chronically elevated blood pressure leads to glomerular scarring and endothelial dysfunction, 38, 42 causing leaking of albumin into the renal tubules.
On balance, Wang et al. 21 and others 20 found that low-grade albumin excretion does, in fact, predict blood pressure progression and incident hypertension in non-diabetic, normotensive individuals. 20, 21 Schultz et al. 43 reported similar results even in children (mean age at follow-up, 15.0 years) with type 1 diabetes mellitus, where blood pressure only rose concurrently with the onset of microalbuminuria. This suggests that urinary albumin excretion could represent additional systemic processes, such as endothelial dysfunction and resultant arterial stiffness that increases blood pressure. Indeed, a growing body of evidence shows that low-grade and clinically diagnosed microalbuminuria is associated with arterial stiffness 19, 24 and peripheral arterial disease. 44 We believe that the low-grade albumin excretion observed in our study represents, at least in part, general subclinical vascular dysfunction that could contribute to blood pressure elevation, rather than blood pressure causing excessive damage at this stage. There are several reasons for this observation in these relatively young, non-diabetic, HIV-negative Africans: (1) albumin excretion was higher in Africans, independent of blood pressure ( Figure 1) ; (2) kidney function was within normal limits and the associations obtained above were independent of kidney function; and (3) measures of arterial stiffness, that is, daytime pulse pressure, night time pulse pressure and pulse wave velocity (together representing systemic elastic and muscular arteries) were positively associated with low-grade albumin excretion. The absence of associations in the Caucasians could quite simply mean healthier arteries in this group as represented by their low mean ACR of 0.22 mg mmol À1 . The mechanism linking albuminuria and arterial stiffness is presently unclear; however, studies propose that vascular endothelial dysfunction may be the underlying mechanism. 45, 46 Indeed, inflammatory stimuli such as histamine, thrombin, vascular endothelial growth factor and activated neutrophils can cause endothelial hyperpermeability and influx of proinflammatory and proatherogenic cellular and non-cellular substances into the vessel wall. 47 This results in extra-glomerular vascular complications such as atherosclerosis and peripheral vascular disease. 47 At the same time, however, the increased endothelial permeability would also result in albumin leakage at the glomeruli and therefore could represent general vascular dysfunction, explaining the associations between low-grade albuminuria and arterial stiffness.
These findings may have important clinical implications for highrisk groups such as Africans from sub-Saharan Africa, with death occurring frequently from vascular-related events such as stroke, 8 renal failure 9 and congestive heart failure. 10 If low-grade albuminuria could indeed serve as a marker of subtle vascular changes, even in nondiabetic, HIV-negative Africans with normal kidney function, it could be an invaluable biomarker to identify individuals at risk for future cardiovascular events. This could lead to preventative strategies such as more targeted non-pharmacological interventions and follow-up and therefore curb the increasing trend of cardiovascular morbidity and mortality in Africans from sub-Saharan Africa. 4, 5, 48 This study must be interpreted within the context of its limitations and strengths. Even though our results were consistent after multiple adjustments, we cannot exclude residual confounding. Also, our sample size was relatively small, especially after excluding participants with microalbuminuria, diabetes or participants infected with HIV. In addition, baseline characteristics were considerably different between African and Caucasian men; therefore, the results may be biased even after adjusting for confounders. However, we believe that this is unlikely due to the consistency of the results after single, partial and multiple regression analyses. We applied a cross-sectional target population design to investigate the associations between arterial stiffness, blood pressure and urinary albumin excretion, and therefore cannot infer causality. Urinary albumin was assessed from an 8 h overnight urine specimen rather than multiple specimens or a timed collection. However, these collections correlate well with 24 h collections. 31, 33 We measured the carotid-dorsalis pedis pulse wave velocity, which is a less conventional method. Like the more commonly used brachial-ankle pulse wave velocity, results obtained are from a combination of both elastic and muscular arteries. 49 However, the pulse wave velocity in this study correlated well with 24 h systolic (r¼0.32, Po0.01) and diastolic blood pressure (r¼0.32, Po0.01) and showed a tendency with 24 h pulse pressure (r¼0.20, P¼0.10). We used daytime and night time pulse pressure as an indirect measure of aortic stiffness. It is well established that increased aortic stiffness is the predominant cause of increased pulse pressure 50 and is a marker of cardiovascular risk in the general population. 51 We conducted a welldesigned study under controlled conditions, and made use of ABPMs. To our knowledge, this is the first study to investigate associations between arterial stiffness, 24 h ambulatory blood pressure and urinary albumin excretion in African men from sub-Saharan Africa.
In conclusion, low-grade urinary albumin excretion is higher in African men, independent of blood pressure, and is already associated with arterial stiffness and ambulatory blood pressure in non-diabetic, HIV-negative African men with normal kidney function. This supports the hypothesis that low-grade albumin excretion, well below the diagnostic threshold for microalbuminuria (o3.5 mg mmol À1 ), not only represents glomerular endothelial dysfunction, but also systemic vascular dysfunction. This could possibly serve as an important marker for blood pressure progression and future cardiovascular events, especially in high risk groups such as Africans.
